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mamilton lecture 

INFECTION AND RECOVERY FROM INFECTION ' 

By SIMON FLEXNER, M. D. 
(With Five Plates) 

]\Ir. Secretary, Ladies and Gentle^men : I experience a peculiar 
pleasure in being chosen to deliver the Hamilton Lecture before the 
Smithsonian Institution, for, from its beginning, this Institution has 
been an instrument of catholicity in science, knowing no geographical 
or national limits and subserving no special department of learning. 
Its object has been to promote all science. My pleasure is derived 
from the admission of medicine, so long the healing art, into the body 
of the exact sciences, into which it has been carried by the dis- 
coveries in anatomy, physiology, and pathology of the last decades. 

The most notable advances that have thus far been made in the 
medical sciences relate to the discovery of the class of infectious 
diseases and the mode of their conquest. Infectious diseases are 
those diseases that are caused by the entrance into and multiplication 
within the body of minute, so-called microscopic, parasitic living 
beings. All animals and plants are subject to disease from this 
I source. Our theme relates to the infectious diseases of the higher 

animals, and of man in particular, and the biological phenomena 
involved in recovery froni them. Probably the identical or closely 
similar phenomena account for the recovery from infection of all 
orders of living beings. 

Disease-producing parasites belong to the two great classes of 
living things; namely, animal and vegetable. The greater number 
now known are vegetable in nature and are included among the 
bacteria, but a large number also are animals and of protozoal nature. 
Just as there are harmless and even useful protozoa that never under 
any circumstances act as causes of disease, so there are many bac- 
teria of similar innocuous or useful habits. 
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In spite of their minute size, these visible parasites possess charac- 
ters that permit in most instances of their ready identification by the 
microscope. The small number that lack distinguishing characters 
of form may be identified by their physiological properties when 
cultivated in broth or otherwise outside the body ; a very few demand 
for identification the test of disease-producing capacity in animals. 

But we are beginning to learn that not all minute organisms can 
be rendered visible by our most powerful microscopes, and a number 
of serious diseases of the higher animals, including man, and one 
disease of plants (the mosaic disease of tobacco) are caused by sub- 
microscopic parasites. It is, indeed, not remarkable that the present 
microscopes should have failed to define the limits of organized 
nature. Whether we shall ever invent instruments capable of resolv- 
ing and rendering visible these minute particles of living matter 
is a question impossible to answer. Even doubling the potential 
power of the microscope, by the device of employing for photo- 
graphic purposes the ultra-violet rays of the spectrum, has failed to 
bring them into view. Their place in nature is not accurately es- 
tablished. Some, as the parasite causing yellow fever, which passes 
a stage of its existence in mosquitoes, probably are protozoal ; others, 
as the parasite of pleuropneumonia of cattle, which can be propagated 
in artificial cultures, probably are bacterial. It can hardly be doubted 
that they are living organisms, since they are capable of transmission 
from animal to animal, in which they produce infection, through an 
indefinite series. The last disease to be discovered to be caused by a 
subm'icroscopic parasite is epidemic poliomyelitis, or infantile paraly- 
sis. Because the submicroscopic parasites are too small to be retained 
by, but pass through fine earthenware filters, they have also been 
termed filterable organisms or viruses. No member of this class of 
organisms is now known, except such as cause disease. 

It is a matter of common knowledge that all individuals of an 
animal species are not equally subject to disease. This observation 
can be made on every hand among the human species especially. 
Careful analysis has indicated that the condition of susceptibility to 
infection varies not only with the individual but also with the infec- 
tion itself. Thus measles and small-pox are diseases to which every 
human being may be regarded as subject, while scarlet fever, diph- 
theria, epidemic meningitis, and poliomyelitis can claim far fewer 
victims. So among animals, a certain few diseases secure an almost 
universal dissemination once they are introduced ; while others, the 
eflfects of which, after they become established, may be equally or even 
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more severe, affect far fewer inrlividuals. Beside this fact of vary- 
ing individual susceptibility within a species is to be placed the 
highly significant one of racial distinction. All sheep, except the 
Algerian variety, are subject to anthrax infection; the Maltese goat 
readily becomes a reservoir of the coccus which it excretes in the 
milk, and which produces Malta or Mediterranean fever, while other 
species of goat do not. Certain strains of wheat are not subject to 
attack by the fungus that readily causes " rust " in other species, 
and this quality of susceptibility or the reverse is transmitted as a 
unit character. It is not known whether the phenomenon of suscep- 
tibility in animals depends also upon so sharp an hereditary factor. 

Infection is an active process quite different from the mere pres- 
ence upon a surface of the body of the parasite capable of causing 
disease. We carry constantly upon our skin and mucous membranes 
a whole host of potentially infectious bacteria which, for the most 
part, do no harm whatever, and possibly, indeed, through preoccupa- 
tion of the soil, ward off at times more definitely and highly injurious 
parasites. And yet they are capable of malign activities. The whole 
large and important group of pus-producing bacteria are our con- 
stant guests, as are quite a number of other species, including the 
germ that causes pneumonia. 

Thus we are obliged to conclude that the surfaces of the body 
exposed to constant bacterial action possess a high degree of insus- 
ceptibility to ordinary infections. This state, about which there 
can be no question, is spoken of as local immunity. It depends, 
moreover, on definite factors, some of a relatively coarse kind, that 
operate only as long as they may be intact, and fail to operate 
adequately when imperfect. The oi>ening up of *' portals of entry," 
as they are called, of bacteria into the body follows upon the break- 
ing down of this system of external defensive mechanisms. Thus 
the mucous membrane of the nasal and buccal cavities, especially 
about the masses of lymphatic tissue called the tonsils, which are 
imperfectly provided with a complete epithelial investment, partic- 
ularly in the young, constitutes the gateway into the body of the 
infectious agents causing diphtheria, measles, scarlet fever, epidemic 
meningitis, and probably poliomyelitis. These mucous membranes 
are, obviously, so directly exposed to wide fluctuations of tempera- 
ture, degree of moisture and dust-content of the air, as to become the 
common seat of slight pathological conditions that depress their 
protective powers. That an intact epithelial investment acts as a 
barrier to certain of these infections is shown by the fact that an 
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eases; that is, diseases of occasional occurrence. This is true of such 
epidemic diseases as influenza, meningitis, poHomyelitis, bubonic 
plague, and many others. But when the particular conditions appear 
that make possible the transfer of the adapted infectious germs 
quickly from susceptible individual to susceptible individual, then 
epidemics tend to arise. The period of this rapid transfer tends 
to synchronize with certain seasons, so that temperature and other 
meteorologic conditions play a part, affecting probably the parasites 
less than the animal host. Thus epidemic meningitis prevails in the 
winter, doubtless because the nasopharynx is less well defended 
through the occurrence of colds, etc., than in warm weather. Ac- 
cidental conditions attending seasons and climates may also play an 
important role in particular epidemics. The recent Manchurian 
epidemic of plague, which claimed in a few weeks no less than 45,000 
victims, was started, doubtless, by infected piarmots which were 
being trapped for their skins ; but its spread and conversion into the 
deadly pneumonic disease was promoted, if not directly caused, by 
the rigors of the Manchurian winters and the primitive accommo- 
dations in railways and inns for the thousands of coolie trappers who 
were returning southward to their homes. It is a recent and grue- 
some story how the desperate and panic-stricken coolies, in a fruitless 
effort to escape death, carried far and wide the highly virulent 
infection. 

At an earlier era, knowing nothing of microscopic life and the 
essential part it plays in epidemics of disease, and recognizing that 
these catastrophes were not entirely willful but arose and declined 
according to some measure of law, physicians imagined a mystical 
" genus epidemicus " which controlled the visitations of the scourge. 
Modern science has indeed exorcised this ancient demon; and 
although it has not yet determined with precision all the elements 
that enter into the phenomenon of epidemics, it has unravelled them 
in so far as to indicate that they relate not merely to parasites but 
even more to the habits and customs, the beliefs and superstitions 
of peoples, that are often quite as difficult and yet as necessary to alter 
and improve as it is to overcome the malign propensities of the para- 
sites themselves. 

I have indicated that the body possesses remarkable external de- 
fensive mechanisms against infection, and, therefore, in order that 
infection may be accomplished, these defenses must at some point be 
weakened and destroyed ; and I have also sketched some of the means 
employed to penetrate this armor. It may be illuminating if I now 
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With factors so various, it is obvious that conditions which cannot 
always be followed must make for and against infection. This is 
the element in the problem that is popularly termed " chance " ; and 
yet this audience need not be told that the term is a mere euphemism 
for ignorance. Coincidences and probabilities are among the common 
factors of infection. It is not chance, but ignorance or indifference 
that carries a free person into a plague infested region; and once 
there it is fleas and not chance that decide whether he shall or shall 
not acquire plague. No more is it chance, but only augmented sus- 
ceptibility, that causes one disease to play into the hands of another, 
and that decides that the victim of measles, scarlet fever, or small- 
pox shall succumb to a streptococcal pneumonia or blood infection 
to which those diseases render him morbidly liable ; and no more is 
it chance that the bearer of a severely damaged heart or kidney or 
liver shall finally be overcome by a terminal bacterial infection. What 
the flea has determined for the plague, the diseases predisposing to 
infection with the pus-producing bacteria accomplish by damaging 
the body's external and internal defenses against this ubiquitous class 
of microbic parasites, that ever lurk about seeking opportunity to in- 
vade and propagate within the blood and tissues. 

So, as we have seen, medicine has advanced from empiricism and 
become scientific, as chemistry and physics have advanced from al- 
chemy, and astronomy from astrology, and become scientific, by rigid 
experimental investigation and controlled, logical observation, until 
now the domain of knowledge is differentiated from the domain of 
ignorance and superstition by a vigorous body of ascertained truths 
and established methods of research that rest neither on authority 
nor opinion. The tangible gains have been such perfected means of 
combating disease as are represented by the specific serums that have 
reduced the mortality from diphtheria and epidemic meningitis to 
one-fourth of the spontaneous recovery rates, the dangers from 
tetanus and hydrophobia from infected wounds, by means of protec- 
tive injections, almost to zero, and through preventive inoculation 
the liability to typhoid fever to a vanishing figure. And thus it has 
also been achieved that the discovery of specific chemical means of 
suppressing disease is no longer left to the heart-breaking method of 
finding useful drugs, in the manner that quinine and mercury were 
found, by an infinite series of tests upon suffering human beings, 
based upon pure accident, but by following ascertained clues, first in 
the laboratory upon the lower animals, until by a process of selection 
and perfection, such remarkable instruments for the control of ser- 
ious diseases as salvarsan shall have been evolved. 
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But the problem is not solved with the discovery of a specific 
serum or chemical, since these perfected agents must act within the 
body upon the parasitic causes of disease that seek in different ways 
to escape their influence. Whether the parasites have a general dis- 
tribution throughout the blood and tissues, or whether they are con- 
fined within a pathological formation in the interior of an important 
organ or part, and whether they can resist by mutational alterations 
the action of the curative agents, may be the factors that determine 
whether the native curative principles or the extraneous ones shall 
gain access to the seat of disease and bring about their suppression. 

In its struggle to survive, the parasite withdraws sometimes into 
situations to which the curative substances gain access imperfectly 
and with difficulty. This is the condition present in local infections 
more or less cut off from the general circulation and from the cura- 
tive principles purveyed by the blood and met with in the great 
serous cavities, and especially in the cavity within the membranes 
that surround the central nervous system. The cerebrospinal fluid 
is a remarkable liquid that may be regarded as the " lymph " or nutri- 
ent medium of the central nervous system; and yet it is almost 
devoid of protein matter. Now, as it is the protein matter that carries 
the immunity and healing principles, it follows that the subarachnoid 
spaces of the central nervous system are dangerously free from 
them. Moreover, since the anatomical structure decides the quality 
of the lymphatic fluid in health, it also determines it in disease, and 
thus it follows that parasites that become localized in the cerebro- 
spinal membranes, for example, are insured a potential advantage 
against the host. And these general facts are applicable, if in some- 
what less degree, to parasites that become established in the cavity 
about the heart, the lungs, and the abdominal viscera, as w^ell as the 
spaces about the joints. 

Again, certain parasites possess a power of regulation within 
themselves that serves, often, to protect them from extinction. Under 
the influence of specific serums or drugs, they undergo a subtile 
change, probably chiefly of a chemical nature, through which they 
acquire a capacity of effective resistance to the curative agent. This 
state is called " fastness '' and is regarded as a kind of mutation 
equivalent to the sudden formation of '' sports " and new species 
among the higher plants and animals. The acquired characters 
of fastness have been observed to be transmitted bv certain orders 
of parasites through indefinite generations. Our knowledge of this 
state is derived chiefly from the study of trypanosomes and spiroche- 
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tal organisms ; but it arises among bacteria also. It persists in the 
protozoal trypanosomes only as long as they continue to multiply 
asexually in the blood of infected animals, and disappears as soon 
as the normal state is reestablished, when the organisms multiply 
sexually, as is their habit, in the body of insect parasites of the host, 
as, for example, the rat-louse. Bacterial fastness, on the other hand, 
tends to disappear when these parasites are cultivated artificially 
outside the body. The particular significance of this resistant state 
growTS out of the circumstance that it is coming to be held account- 
able for the troublesome or dangerous relapses that occur in many of 
the infectious diseases. 

Manifestly the two factors of location and mutation will determine, 
in no small degree, the eflfectiveness of the operation of specific 
substances for treating disease. When the cause of disease is widely 
disseminated in the blood, as in malaria, or when it is in the nature 
of a chemical poison, as in diphtheria, it will obviously readily come 
under the influence of the curative principles ; but when the infecting 
microorganism takes up a position in the interior of a massive path- 
ological formation, or in the crebrospinal membranes, for example, 
the organism will be more difficult to reach and affect. By applying, 
however, the specific therapeutic agent directly to the seat of the 
disease, as is being done in the serum treatment of epidemic menin- 
gitis, this obstacle to success is- beipg.. removed. 

Bacteriology as a science may 1;)^ reckoned as dating from the 
overthrow of the spontaneous generati'onists and the discovery by 
Pasteur of the cause of pebrine among -silkworms. It was quickened 
into active life and brought down to every-day use, and thus im- 
measurably extended, by Koch. We are, as it were, still living within 
the era of its first achievements, and thus we may reasonably hope 
that this is merely the dawn of its beneficent triumphs. 
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EXPLANATION OF PLATES 

Plate i 

Fig. I. Bacillus of typhoid fever. A common rod-shaped bacterial t>T)e. 
Fig. 2. Pneumococcus, the cause of acute pneumonia, mingled with white 
blood corpuscles (phagocytes). From an infected mouse. 

m 

Pl.\te 2 

Fig. I. Meningococcus, the cause of epidemic cerebrospinal meningitis. It is 
characteristic of this coccus to be within the white corpuscles or phagocytes. 
Fig. 2. Spirocheta of African tick fever. In the blood of an infected mouse. 

Plate 3 

Fig. I. Ticks that carry and inoculate the spi/al microorganism of African 
tick fever. 

Fig. 2. Tsetse fly that carries and inoculates the trypanosome of sleeping 
sickness. 

Plate 4 

Fig. I. Trypanosomes. A protozoal parasite causing diseases of animals 
and the sleeping sickness of man in the tropics. 

Fig. 2. Spirocheta pallida in artificial culture. The microorganismal cause 
of syphilis. 

Plate 5 

Fig. I. Spirocheta pallida in the liver of a new-born infant (diagram- 
matic). The intimate association of parasites and tissue cells is shown. It is 
the purpose of a specific curative substance to destroy the former without in- 
juring the latter. 

Fig. 2. Chart prepared by Dr. Dunn, of Boston, to show the effect of the 
antimeningitis serum on the mortality from epidemic meningitis in the Chil- 
dren's Hospital, Boston. The serum treatment was introduced in 1906 at 
the point indicated by the cross (X). 
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